Human leukocyte interferon attaches to hyperimmune serum immunoglobulins, coupled to agarose, even though the antibodies are not specific for interferon. Unless it is first washed off with ethylene glycol, the attached interferon elutes together with immune-specific antigens during immuno-affinity chromatography.
INTRODUCTION
While investigating the behaviour of human leukocyte interferon during chromatography on affinity columns of anti-interferon antibody, we found that interferon was being retained by antibodies directed against the protein impurities found in interferon preparations (see Tables I, 2 ). This finding posed the following questions: was the binding immune-specific and, if so, what had evoked the antibodies? If the binding was not immune-specific, how far did it interfere with binding that was specific? To resolve this problem, we immunized one sheep with suspended human blood leukocytes and another with human leukocyte interferon. We then compared the binding of interferon to antibodies, both fixed and soluble, from these sera.
METHODS
Interferon: preparation and assay. Human leukocyte interferon was prepared and partially purified (P-IF) as previously described (Mogensen & Cantell, I977; Cantell & Hirvonen, I977) . It was assayed on a line of human neuroblastoma cells, T98G, by inhibition of the c.p.e, of vesicular stomatitis virus. Titres are expressed in terms of the human reference interferon, MRC 69/I9.
Immunizations. Sheep were immunized as described by Mogensen et al. (I975) . Sheep Aapo. This was primed with I5 weekly injections of 4 × Io s leukocytes, prepared as for interferon production, rested for 4 months and boosted with IO 9 leukocytes with Freund's complete adjuvant (FCA). A IOO ml serum sample was taken (Aapo 76). The sheep was rested a further year and then injected with 5 million units of P-IF with FCA and exsanguinated 3 weeks later (Aapo 77).
Sheep Romulus. This was primed with I2 weekly injections of 3 million units of P-IF without adjuvant. After an interval of 6 months, it was given one injection of Io million units of P-IF with FCA and 5 months later, 32 million units of a more purified preparation (total 3 mg protein) with FCA. It was exsanguinated 3 weeks later.
A sample of serum (normal) was taken from a third sheep that had not been immunized. Preparation of antibodies. Complement was removed from the sera by heating and precipitated with sodium sulphate at 50 ~o saturation. After removal of lipid (Harboe & Ingild, 1973) , immunoglobulins were chromatographed on DEAE-sepharose (Pharmacia). Fractions eluting between o-o6 and o-I M-sodium chloride at pH 7"o were found to contain most oo22-I317/79/oooO-3553 $02.oo ~) 1979 SGM I72
K. E. MOGENSEN AND K. CANTELL of the anti-interferon (Romulus) or anti-impurities (Aapo). Romulus antibodies were absorbed with selected antigens to remove antibodies to impurities (Berg et al. ~975; Berg, I977) . Assay of antibodies. Antibodies to interferon were assayed by dilution against 4 or Io units of interferon, the end-point being that dilution of antiserum which allowed the reestablishment of interferon-induced protection. Antibodies against contaminating proteins were assayed by haemagglutination of tanned sheep cells coated with selected impurities (Ogburn et al. I973) .
Immunoprecipitation of interferon. Serial 1o-fold dilutions of interferon were mixed with antiserum and left 3 to 4 days. Precipitates were washed with saline, then dissolved in I'5 u-magnesium thiocyanate (Ternynck & Avrameas, I97i ) and chromatographed through cross-linked agarose (Sepharose 4B-CL; Pharmacia) in the same solvent. Fractions were assayed for both interferon and anti-interferon. In separate experiments soluble immunecomplexes were precipitated with rabbit anti-sheep globulin serum; with 8 ~o polyethylene glycol (Harrington et al. I97I) ; with purified staphylococcal protein A (Pharmacia); with whole staphylococcal cells (Goding, ~978) ; or with combinations of these.
Coupling of antibodies to Sepharose. Antibodies were covalently coupled to beaded agarose by the method of Porath et al. (t967) . Sepharose 4 B (Pharmacia) was treated with cyanogen bromide in the ratio of 3 g to 5 ml packed agarose. The temperature was kept below 25 °C and the pH above I I. As soon as the rate of acid production slowed, the activated agarose was decanted, washed free of cyanogen bromide and added to an equal volume of sheep immunoglobulin (absorbance at 28o nm= 8.o) in o-2 M-phosphate buffer to give a final pH of 6.2. After I5 min at 37 °C the gel was filtered and resuspended in phosphate at pH 7"3. Over the next 2 h the pH was raised in steps to 8"7. The gel was freed of adsorbed protein by washing alternately with o.I M-citric acid, 5o~o ethylene glycol (pH 2"2) and 0-2 M-phosphate, I M-sodium chloride (pH 8"9). Table I shows the pertinent characteristics of the antisera. Aapo (76) had been immunized with leukocytes alone and its serum did not neutralize interferon. However, when coupled to agarose, antibodies from Aapo (76) did bind interferon (see Table 2 ). Possibly antibodies were present but were not strong enough to neutralize interferon (i.e. enough could dissociate from immune complexes to protect assay cells from challenge virus). Accordingly, we injected the sheep with interferon to give the serum Aapo (77)-We had previously found that excellent secondary responses to interferon could be obtained from primed sheep, even if circulating antibodies could no longer be detected. We reasoned that a secondary response might give antibodies that bound strongly enough to neutralize interferon. However, no neutralizing antibodies to interferon could be detected in Aapo (77) serum.
RESULTS

The association of interferon with antibody in solution
To see if there were antibodies present that combined with interferon without neutralizing it (i.e. giving biologically-active immune-complexes), we attempted to precipitate interferon with Aapo serum (76 and 77). As described in Methods every effort was made to precipitate all immune-complexes. The full yield of interferon was always recovered from the supernatant over a range of 2o units to 2o million units per ml Aapo serum. No interferon was ever recovered from any of the Aapo precipitates. It seems improbable that any complex of sheep antibody and antigen will remain in solution when, for example, an excess of rabbit anti-sheep globulin antiserum, followed by whole cell staphylococcal protein A, is added to it. Romulus serum alone precipitated human leukocyte interferon and both interferon and anti-interferon could be recovered from the immune precipitates.
Finally, co-chromatography of purified Aapo immunoglobulins with P-IF in physiological saline on Sephacryl S-2o0 (Pharmacia) failed to reveal any association of interferon with immunoglobulin; each was sieved independently of the other. We therefore conclude that the Aapo antisera (76 and 77) have no antibodies directed towards interferon and that nothing in our mixed cultures of uninduced leukocytes was capable of stimulating the sheep to produce antibodies directed against interferon. 
Association of interferon with antibody coupled to agarose
As no association was found between interferon and immunoglobulins in solution, the binding described in Table 2 must be a consequence of the immobilization of the globulins on agarose. Immuno-affinity chromatography was performed as described in the figure legends. The column was always washed with a bed volume of the eluant prior to loading interferon. Figure ~ (Fig. zb) .
Some protein and most of the interferon remained unbound (Aapo serum haemagglutinated sheep cells coated with the acid-eluted protein, but not cells coated with the unbound protein).
DISCUSSION
Our results show that human leukocyte interferon binds to immobilized immunoglobulins in a way that is not immune specific. More interferon binds to globulins from hyperimmune sera than to globulins from normaI sheep serum. This may reflect changes in the relative amounts of sub-classes of sheep gamma globulins during immunization or it may be that the presence of antigens on the fixed antibodies provides a larger surface for proteins to stick to during affinity chromatography. We also found that antibodies from rabbits immunized with 'mock' interferon (Mogensen et al. I975) bound amounts of interferon comparable to those described in Table 2 .
We believe that this binding is a consequence of the deformations suffered by immunoglobulins as they are coupled to their support. When the globulins are coupled to activated agarose at pH 8, the reaction is faster than at pH 6, and they bind more interferon [e.g. coupled directly at pH 8, non-immune globulins from the (normal) sheep bind 3o times more interferon than shown in Table 2 ]. When gel filtration of Aapo antibodies and interferon is carried out in a mild denaturant (I M-guanidine hydrochloride at pH 4), in contrast to physiological saline, substantial amounts of interferon elute together with immunoglobulin, suggesting that a slight distortion of the globulin molecule allows interferon binding. Wilchek & Miron (I976) pointed out that increasing the ionic strength, in order to reduce charge attraction between immobilized and soluble proteins, carries the risk of 'salting out' soluble protein on to the fixed protein. High concentrations of ethylene glycol, by lowering the polarity of the solvent, counteract this tendency towards 'precipitation', but do not prevent the antibodies binding their antigens.
Substantial amounts of interferon adsorb to immobilized antibodies when there are no anti-interferon antibodies capable of binding it specifically (Fig. I) . Therefore, unless steps are taken to remove it selectively, such interferon would elute together with immunespecific antigens during immuno-affinity chromatography. As more purified interferon is used for immunochemical studies, this non-specific binding and the confusion it causes, will become more marked. 
